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At  the present time there are two general methods o f study­
ing so ils ; namely, chemical analysis and chlture experiments.
In chemical analysis, the so il is  subjected to certain  treatments 
which w il l  enable us to determine it s  composition. By comparing 
the resu lts obtained in  th is manner with the resu lts obtained 
in  a lik e  manner from normal productive s o ils , we may in fe r  what 
elements of f e r t i l i t y  the so il may possess in abundance or in 
what i t  may be d e fic ien t. The other method o f so il investigation^
that is ,  the plant culture method, one uses the crop as the in ­
d icator, judging from the growth o f the crop on so ils  treated in  
any desired manner what the crop may or may not lack.
While methods o f so il analysis were being studied and per­
fected, so that they rea lly  mean something to the farmer, other 
methods o f so il investigation  have also be en worked out, so that 
the so il may be accurately studied by means of the crop grown
2upon the s o il.  Tliree sucli methods are now in  use. The f i r s t  
may be ca lled  the f ie ld  p lo t system, which consists essen tia lly  
in treating a plot o f so il in a desired manner, sowing the crop 
and studying its  growth. This method is  extensively used at the 
present time, especia lly  fo r  the study o f the e f fe c t  o f applying 
d iffe ren t elements o f f e r t i l i t y  to s o ils . For many kinds of 
so il study tins method presents some serious disadvantages. Lack 
o f uniformity in  the so il may v it ia t e  the resu lts , or unfavorable 
clim atic conditions may prevent correct resu lts and may lead to 
incorrect conclusions. do to obviate some of these d if f ic u lt ie s  
a system was devised which enables the experimenter to better 
control the climatic conditions and lessen the error arising from 
lack o f uniformity in  the s o il.  This second system may be 
ca lled  the pot culture system. This system consists essen tia lly  
in f i l l in g  suitable pots with the s o il to be studied, applying 
d iffe ren t kinds of treatment to the s o il in  the d ifferen t pots 
and then growing a crop in  them. By th is  method the experiment 
may be under as complete control as is  desired. At the present 
time "pot culture system" is  w idely used in  making various so il 
and crop studies. I t  was used to great advantage by
4iJ/nn-t^  an(  ^ others in  the study o f problems re la tin g
X .
to the fixa tion  of atmospheric nitrogen; i t  found use in  the
3studies by ZL Smde to A e th e r  or 
not soda may replace potash in  the food o f plants; i t  also 
found use in  King’ s investigation  of the depth at -which crops 
obtain most o f th e ir  potash; and i t  has long been used, and is  
used yet, to deteimine the value o f various elements o f plant 
food on d ifferen t so ils . Dr. Wo hitman, o f the Halle Plant 
Culture Station, objects to the pot culture system, as fo llow s: 
"The pots are exposed on a ll sides to the sun’ s rays, hence the 
so il w ithin must undergo greater changes than natural. The 
area is  not large enough, the pots lack depth, water and drainage 
is  not normal. " To remedy these defects Dr. Fohltman suggests 
using zinc-lined boxes which hold much more s o il than do the 
pots and which may be placed in  pots dug in  the s o il .  This 
method is  too expensive to be widely used.
The object o f th is  present s o il study is  mainly fo r two 
purposes: F irs t , to ascertain what lias been the e f fe c t  o f long
cu ltiva tion  on certain  soils o f Pulaski County, and, second, 
to deteimine, i f  possib le, what element or elements of f e r t i l i t y  
should be supplied to these so ils  in order to make them normal ly  
productive.
I f  one observes, while passing by d iffe ren t farms, he can 
hardly f a i l  to be impressed with the fact that the s o il o f one
4farm is  more productive than that o f another farm, though the 
so ils  appear the same* Some farms in  Pulaski County possess 
th is feature to a marked degree. One may find f ie ld s  of "wheat 
which produce more than twenty bushels o f wheat per acre, but 
now and. then one w ill  find  f ie ld s  which produce less than eight 
bushels of wheat per acre.
To atta in  the object o f the study the follow ing plan was 
carried out in fu l l .  Samples o f s o il were selected from each o f 
four d iffe ren t f ie ld s  which represented the oldest and most worn, 
yet s t i l l  cu ltivated , f ie ld s  o f the reddish-yellow h i l l  s o il o f 
Pulaski County. Samples o f s o il were also taken to represent 
v irg in  so il of each f ie ld  from "unbroken native land adjoining 
the cu ltivated f ie ld .  Two sets o f samples from each f ie ld  were 
taken, one fo r  chemical analysis, the other for pot culture work. 
A ll  were properly labelled  and shipped to the University where 
the work was carried on. A common two-inch augur, provided with 
an extension handle, was used to take the samples fo r  chemical 
analysis. Prom four places in  each representative f ie ld  samples 
were taken to the average plow depth. The s o il from the four 
places o f each f ie ld  was mixed so as to get a good representative 
sample o f the f ie ld .  The depth o f these f i r s t  samples -was four 
inches fo r  the cu ltivated  f ie ld s  and three inches fo r  the v irg in
5so ils . Prom the bottom o f these augur holes where the f i r s t  
samples were taken a second set o f sauries representing the sub­
so il were taken to a depth o f th irty  inches. A ll these samples 
were placed in small c loth  bags which were made fo r  the purpose.
The samples fo r  the pot culture work were simply taken from 
the representative f ie ld s ,  near where the samples fo r  chemical 
analysis were taken, with an ordinary shovel, f i l l i n g  from each 
f ie ld  two ordinary grain bags with the s o il to the depth of four 
inches, and two other bags from a depth below four inches to 
twelve inches. The samples fo r  pot culture experiments from 
the v irg in  s o il were taken just as in  the f ie ld s ,  except that 
only one bushel o f  the surface s o il and one bushel o f the subsoil 
was taken from each o f the v irg in  so ils .
£&i-Fly complete h istory o f each o f the f ie ld s  was obtained, 
and the exact location of each f i e ld  according to government 
survey was recorded.
6Location and Description of the F ields.
About . . /.'z'. . . . miles . . . .  o f . .,
F ie ld  A, Pulaski County, I l l in o is ,  owned by H. H. King, Jr.
Location by Government Survey.
S.E. 10 o f the S.E. 40 o f the N.W. 1/4 of Sec. 11, Twp.15 S.,
R . I . ,  ¥ o f 3rd P.M. s
The so il is  a reddish yellow  clay, and is apparently uniform 
in  character to a great depth. The vegetation  in  the f ie ld  is 
scant. ¥hen the samples were taken preparation was being made 
to  plow the land fo r  the next year’ s crop. This f i e ld  was f i r s t  
broken in  1826, and has been cropped continuously ever since, 
wheat and corn being the ch ie f crops grown. A y ie ld  o f twenty- 
f iv e  bushels o f wheat to the acre was at one time not uncommon.
The y ie ld , however, is  constantly diminishing, the crop of last 
year (1901) y ie ld in g  less than f iv e  bushels per acre. No fe r ­
t i l i z e r s  o f any kind have ever been applied to th is  s o il;  but i t  
has been observed that when sim ilar so ils  were pastured, the 
places where the ca ttle  urinated could be easily  distinguished by 
the heavy growth of grass.
7By digging down a few inches in  a v irg in  s o il,  o f a sim ilar 
nature as that o f the long cu ltivated f ie ld ,  might be the same 
reddish yellow clay so il which characterizes the s o il taken from 
the old f ie ld .  Covering th is c lay, in  the v irg in  s ta te , there 
was a ligh t-co lored , loamy s o il about three inches in  thickness. 
I t  appears that by the long cu ltiva tion  the organic matter o f 
th is  top so il had been worn out, leaving the yellow  c lay. Sam­
ples o f th is so il were taken fo r  analysis and culture experiments 
as given in  the general discussion above.
Located about .. •(.........miles . . . . . .
o f • ........... F ie ld  B, Pulaski County, I l l in o is .  Owner,
Dr. John Shauer, Creal Springs, I l l in o is .
Location.
S.W. 10, S.W. 40, H.W. 1/4, Sec. 13, Twp. 15, R. 1, W. 3 P.M.
The type of th is so il is sim ilar to that in  F ie ld  A. The 
land was f i r s t  broken in  1831, and i t s  h istory since then is  much 
the same as F ield  A. The crop o f wheat planted las t year 
amounted to but l i t t l e .
8F ield  C. Location, Pulaski County. Owners Name, H. H. 
King, Pulaski, I l l in o is .
Location.
N.E. 10, S.E. 40, N.W. 1/4, Sec. 12, Twp. 15, R. 1, W» 3rd
P.M.
TMs so il is  o f a sim ilar type to the other f ie ld s .  Samples 
■were taken in  the same manner. This f i e ld  was f i r s t  broken in  
1856, and i t s  M story is  quite sim ilar to that o f F ields A and B. 
During the last few years, the y ie ld  o f the crops has been so 
small that the f ie ld  w il l  not be cropped the next year.
The v irg in  sample selected is  sim ilar to that taken from 
near the other f ie ld s .
F ield  D. Location, Pulaski, I l l in o is .  Owners Name, J. 
Kennedy, Pulaski, I l l in o is .
Location.
S.W. 10, S.W. 40, S.W. 1/4, Sec. 11, Twp. 15, R .l ,  ¥. 3rd
P.M.
This so il is  apparently sim ilar to that o f F ields A, B and
9C. This f ie ld  was broken about 1850 and has borne a crop o f 
wheat nearly every year. Last year the f ie ld  was planted to 
oats, but they were too short to cut. Samples of the s o il were 
taken as in  other f ie ld s .
The v irg in  samples were sim ilar to the v irg in  samples taken 
from the other f ie ld s .
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THE CHEMICAL ANALYSIS OP THE SOILS.
The samples o f the so ils  taken fo r  chemical analysis were 
thoroughly a ir  dried, pulverized, and passed through a m ilimeter 
sieve. The so ils  thus prepared were placed in glass cans which 
were closed a ir -t igh t to prevent gain or loss of moisture.
The methods o f analysis used are essen tia lly  those adopted 
by the Association of O ffic ia l Agricultural Chemists, as publish­
ed in B u lletin  No. 46, U. S. Department o f Agricu lture, D ivision 
o f Chemistry.
The results o f the analysis, including the tests fo r  acid ity , 
are given in the fo llow ing tab les:
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CHEMICAL COMPOSITION OP SOILS. 
F ie ld  A.
Cultivated Soi 1 V irgin  Soil
Surf ac e 
0” to 4"
Subsoil 
4" to 30"
Surface 
0" to 3"
Subsoil 
3" to 30"
Percent Percent Percent Percent
Insoluble Matter 33.06 84.26? 86.66? 82.914
Potash. KpO .62? .586 .491 . ?52
Soda NapO .989 .942 .61? .944
Lime Ca 0 .303 .335 .46? .616
magnesia Mg 0 .859 .63? .589 .918
Ferric Oxid Fep 03 5.139 4.458 3.33 4.964
Alumina Alp O3 6.23 6.2?3 3.46? 6*265
Phosphoric Oxid P2 Or .191 .198 .201 .205
V o la tile  Matter 3.120 2. ?5 4.985 3.665
Total 100.518 100.446 100.82 101.343
Nitrogen .0014 .0022 .1586 .0621
Lime required • 06?2 .04?6 .0000 .0112
^Lime required means lime (Ca 0) required to neutralize tlie
acid in  tlie so il
—12
F ield  B.
Cultivated Soil V irgin  Soil
Surface 
0" to 4"
Subsoil 
4" to 30"
Surfac e 
0" to 3"
Subsoil 
3" to 30"
Percent P ere ent Percent Percent
Insoluble Matter 85.450 84.620 85.583 86.055
Potash. K2 0 .462 .488 .342 .43?
Soda Ua2 0 .43? .61 2 , .592 .495
Lime Ca 0 .485 1.869 .815 .323
Magnesia Mg 0 .415 .595 .273 .429
Ferric Oxid Fe203 )
)
Alumina A1q Os )
10.056 8.971 7.119 9.505
Phosphoric Oxid P2 O5 .199 .195 .193 .233
V o la tile  Matter 2 .3?5 2.335 5.360 3.255
Total 99.838 99.685 100.277 100.732
Nitrogen .0084 .0238 .2026 .0766
Lime required .0112 .0112 .0000 .0140
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F ie ld  C.
Cultivated Soil V irgin  Soil
Surfac e 
0" to 4"
Subsoil 
4" to 30”
Surfac e 
0" to 3"
Subsoil 
3" to 30"
Percent Percent Percent Percent
Insoluble matter 84.050 83.910 91.72 89.03
Potash. Kp 0 .325 .43? .276 .346
Soda Ua2 0 .266 .329' .330 .306
Lime Ca 0 .325 .233 .206 .314
Magnesia Mg 0 .616 .576 .188 .301
Ferric Oxid Fe£ O3 )
' )
Alumina A12 0* )
10.480 10.780 4.080 . 6.386
O’ ” i m '
Phosphoric Oxid Pp O5 .032 .094 .115 .119
V o la t ile  Matter 3.405 3.065 3.095 2.520
Total 99.549 99.524 100.01 99.313
Nitrogen .059 .0059 .1173 .0618
Lime required .053 .0672 .0000 .0084
F ie ld  D.
Cultivated Soil V irg in  Soil
Surfac e 
0" to 4"
Subsoil 
4" to 30"
Surface 
0" to 3"
Subsoil 
3" to 30"
Percent Percent Percent Percent
Insoluble matter 82.850 86.040 89.420 84.970
Potash. K2 0 • 4?4 .461 .326 .431
Soda Na2 0 .144 .113 .115 .076
Lime Ca 0 .28? .283 .445 .295
Magnesia Mg 0 .471 .374 .385 .160
Ferric Acid Fe2 0^ 4.754 4.804 2.329 4.056
Alumina A I9 On 7.057 6.170 2.826 5.244
Phosphoric Oxid P? O5 .171 .154 .225 .201
V o la tile  matter 3.210 2.420 4.130 3.00
Total 99.418 100.819 100.211 98.441
Nitrogen .0083 .005? .1438 .0712
Lime required .0420 .0140 .0000 .0084
I t  w il l  be well to compare the analysis o f tlie old cu lt iv a t­
ed so ils  o f each. f ie ld  witlx tlie analysis o f some f e r t i l e  s o ils . 
Snyder of Minnesota, in M s book "Cliemistry o f ^o ils  and Fer­
t i l i z e r s , "  gives tlie average analysis of two hundred f e r t i l e  
s o ils . Tlie table below gives tM s average analysis.
Insoluble matter 75.95 :
«
•
Potash. K2 0 .29 :
•m
Soda Na2 0 ' .25 :
•
•
Lime Ca 0 2.16 : 
•
/ •
Magnesia Mg2 0 .55 :
•
•
Ferric Oxid Fe2 Og 2.68 :
#
•
Alumina A l2 Og 5.20 :
•
•
Ph.osph.oric Oxi d P2 O5 .24 :
•
•
Sulphuric tr iox ide  S D3 .03 :
•
•
Carbonic acid C 1.12 :
•
•
V o la tile  matter 7.00 :
•
•
Total . :
«
•
Nitrogen .29 :
•
•
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Referring now to the analysis of the old f ie ld s  i t  w il l  be 
seen oliat a l l  these old f ie ld s  are extremely low in nitrogen. 
Phosphoric oxid is  seen to be a l i t t l e  low, not, however, so low 
as to be the case o f the greatly  reduced productive capacity o f 
these so ils . F ie ld  C, i t  w il l  be reca lled , has the lowest 
amount o f phosphoric oxid* Potash in every case is  seen to be 
much above the noimal. Lime in every case except the subsoil 
o f F ield  B is  very low. The so ils  o f the o,ld f ie ld s  being acid 
contain no carbon dioxide.
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The apparent spec ific grav ity  o f the so ils  is  as fo llow s ••
Wt. per acre
F ie ld  A.
Surface 0" to 4». a 1.326 1, 197, 900 lbs.
Subsoil 4” f» 30” •B 1.320 786, 350 ft
V irgin  Surface v" ft 3" a 1.170 796, 299 It
" Subsoil 3" t» 30” - 1.316 3, 061, 336 If
F ie ld  B.
Surfac e w" to 4” m 1.340 1, 216, 048 lbs.
Subsoil 4" It 30” m 1.330 844, 382 If
V irg in  Surface 0” If 3” - 1.140 775, 911 ft
w Subsoil 3" It 3o" = 1.350 8, 239, 587 ft
F ie ld  C.
Surface 0" to 4" = 1.340 1, 216, 048 lbs.
Subsoil 4" ft 30" - 1.346 942, 198 It
V irg in  Surface 0" to ‘3" - 1.163 796, 299 ft
" Subsoil 3” ft 30” - 1.370 8, 392, 086 If
F ie ld  D.
Surface 0" to 4" = 1.300 1, 179, 748 lbs.
Subsoil 4" to 30” a 1.308 678, 362 It
V irgin  Surface 0" to 3" - 1.162 790, 884 II
" Subsoil 3" to 30" - 1.322 8, 060, 256 It
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The fo llow ing table shows the weights per acre o f each o f the 
more important constituents o f the s o il;  namely, nitrogen, phos­
phoric oxid and potash. The table also shows the number o f pounds 
of lime required to neutralize the ac id ity  o f each s o il .
19
F ield Soil Depth. Niti-ogen Pliosixhoric Potash. Lime
Present Per Oxid Present Present Required
In. Acre - Lbs. Per Acre - Per Acre - Per Acre -
Lbs. Lbs. Lbs.
0 - 4 16. 2288 7512 795
A C u lti­
vated 4 - 3 0 226.8 14870 48840 3706
0 - 3 1263 1601 3910 000
A Virgin
3 - 3 0 50u6 16520 60620 902
0 - 4 102 2420 5618 136
B C u lti­
vated 4 - 3 0 186? 15290 30400 878
0 - 3 1570 . 1496 - 2650 OoG
B Virgin
3 - 3 0 6310 19200 36000 1153
0 - 4 ?1? 999 3952 700
C Culti- 
vat ed 4 - 3 0 4680 7465 34700 533?
0 - 3 934 915 2198 000
C V irgin
3 - 3 0 5185 9984 29030 704
0 - 4 98 2016 5588 495
D Culti­
vated 4 - 30 43? 11820 35400 1074
0 - 3 1140 1780 2588 000
D Virgin
3 - 3 0 5739 16840 26370 669
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These figures appear more s ign ifican t compared with the 
amounts o f tne dixferent elements of plant food required to pro­
duce one acre o f a maximum crop o f corn, say one hundred bushels; 
namely:
160 pounds of nitrogen 
58 " " phosphoric oxid
125 " ”potash
I^ d l l  be seen, lo r  example, that the to ta l nitrogen in 
the f i r s t  four inches in the so il o f F ield  A ,is  not su ffic ien t 
fo r  more than one-tenth of a single maximum crop o f corn, while 
in  both the surface so il and the subsoil to a depth o f th ir ty  
inches there is  not enough to ta l nitrogen to su ffice  the needs 
o f two maximum crops.
On the other hand, the surface four inches o f the s o il o f 
F ie ld  A contains su ffic ien t phosplioric oxid to supply about fo rty  
maximum corn crops, while the amount of phosphoric oxid in both 
the surface so il and subsoil to a depth o f th ir ty  inches is  suf­
f ic ie n t  fo r  nearly three hundred maximum crops.
The amount o f potash in the f i r s t  four inches o f the s o il o f 
F ie ld  A is  su ffic ien t fo r  seventy maximum crops o f com , and the 
potash in both surface so il and subsoil to a depth o f th irty  in ­
ches is  ample fo r  over f iv e  hundred maximum crops.
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POT CULTURE EXPERIMENTS.
The plan o f the pot work devised by Dr. C. G. Hopkins is  as 
fo llow s: For each so il twelve pots,each o f which is  f i l l e d  w ith
the so il to be investigated , are prepared and marked with the 
follow ing applications*
Pot No. 1. 0. Nothing added.
ft It 2. L. Lime added. .
ft ft 3. L N. Lime and Nitrogen, added.
If ft 4. L P. Lime and Phosphorus added.
ft It 5. L . K. Lime and Potassium added.
ft It 6. L N P. Lime, Nitrogen and Phosphorus added.
It ft ?. L N K. Lime, Nitrogen and Potassium added.
It If 8. L P K. Lime, Phosphorus and Potassium added.
ft ft 9. L N P K. Lime, Nitrogen, Phosphorus, and Potassium
added.
ft If 10. N P K. Nitrogen, Phosphorus, and Potassium added
»t II 11. 0. Nothing added.
ft If 12. 0. H It
The completeness o f th is plan o f so il study is  p la in ly  
evident. The plan provides fo r  the test o f any one o f the three 
pomie elements o f f e r t i l i t y ,  or fo r  a combination of any two, or
22
a combination of a ll  time© ©1 ©meats# Lime is  added simply to 
make certain that the test "will be a fail* one* I f  the so ils  
needed lime for any reason, and i t  was not supplied, i t  would be 
lik e ly  that tlie e ffe c t  produced by the addition o f the elements 
of f e r t i l i t y  would not be a true one# To il lu s tra te ,  suppose 
the s o il was acid and needed nitrogen. The pot, then, to which 
nitrogen was added would l ik e ly  not show the true e f fe c t  o f an 
application o f nitrogen simply because most plants do not thrive 
well in  an acid soil# But, i f  lime had been added to  correct 
the ac id ity , then the pot receiving nitrogen would show the true 
e ffe c t o f the addition o f nitrogen. I f  the so il is  lacking in 
only one element, th is  plan provides f iv e  checks# Suppose, fo r 
example, that phosphorus is the only element lacking;the e ffe c t  
o f the addition o f phosphorus would then be seen in Pots 4, 6, 8, 
9, and 10# I f  no element o f plant food was lacking, but i f  lime 
was required to coxrrect a c id ity , the true results could be noted 
by the growth in  Pots 2, 3, 4, 5, 6, ?, 8 and 9 checked against 
Pots 1, 10, 11 and 12, which receive no lime. A lso, i f  only 
lime were required in addition to any one or more o f the three 
poi'ine elements, then i t  would be shown by coinparing Pot 9 with 
Pot 10, both of which a,re supplied with nitrogen,phosphorus g-nri 
potash, but No. 9 has lime added while No. 10 lias not. Besides
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these pots, a pot marked V containing the v irg in  so il is  included 
in  the series. To th is pot no f e r t i l i z e r  is  added.
P i l l in g  The Pots.
The pots were f i l l e d  in the fo llow ing manner: The subsur­
face s o il was placed in  the lower h a lf o f the pot and the pot 
was then f i l l e d  with surface so il to w ithin a h a lf inch of the 
top o f the pot, a fte r  s e tt lin g .
Labelling The Pots.
Each pot was labelled  so as to show the f ie ld ,  the number of 
the pot, and the element of f e r t i l i t y  applied. To i l lu s tra te ,
Pot 9 of F ield  A was labelled  A9, which means that the s o il in
LNPK
th is pot received applications o f Lime (L ),  Nitrogen (N ), Phos­
phorus (P ), and Potassium (K) from Kalium, the Latin word fo r 
Potassium or Potash.
The amount of lime required by the s o ils  was determined by 
the acid te s t. The -method and resu lts w il l  be described la te r . 
Calcium Oxid, pulverized and passed through a milimeter sieve, 
was used to supply the lime.
The amount o f material to use for the other fe r t i l i z in g
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elements was determined by studying tlie chemical composition o f 
the wheat plant. I t  was thought desirable to ripen, i f  possible, 
about twenty-five heads of wheat in each pot; so the amount of 
f e r t i l i z in g  elements was calculated on th is basis, allow ing, also, 
an ample amount of the substance which might be unavailable. The 
follow ing substances were used to convey the f e r t i l i z in g  in­
gredients: Fourteen grams ground dried blood fo r  the Nitrogen.
This substance contained 13.9?$ nitrogen, or 1.956 grams. The 
dried blood also contained a l i t t l e  phosphoric oxid (-13 grams),not 
enough, however, to a ffe c t the resu lts . Four grams ground bone 
meal was used as the Phosphorus carrie r. This substance con­
tained 31.65$ phosphoric oxid (Pg O5) ,  or 1.266 grams. I t  also 
contained .04 grams nitrogen. Two grams o f Potash were used to 
convey the potash. This substance contained 52.?5$ potash (K2 0) 
or 1.055 grams. The fe r t i l i z e r s  fo r  each pot were weighed into 
two separate parts, one for the surface and the other fo r  the 
subsurface. They were thoroughly mixed with the s o i l ;  f i r s t ,  
by s tirr in g  them in  the pot, and then, by pouring the s o il into 
another pot u n til i t  was seen that the f e r t i l i z e r s  were evenly 
distributed throughout the s o il .
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In making the determinations fo r  ac id ity , the follow ing 
results were obtained:
Lime (Ca 0) Required to Neutralize Soil A c id ity .
rield Surface Soil Subsurface Soil
Percent Grams 
Per Pot
Pounds 
Per Acre
Percent Grams 
Per Pot
Pounds 
Per Acre
A .0?9 7.45 946 .088 8.25 2108
B .014 1.31 170 .014 1.31 340
C .0504 4.72 608 .088 3.25 2150
D .061 5.77 720 .068 6.42 2028
The calculated amount o f lime required was added with the 
fe r t i l i z e r s .
A fte r  applying the f e r t i l i z e r s ,  the so il in  each pot was
thoroughly soaked with water, and kept so fo r  two weeks, a fte r  
which time i t  was allowed to dry enough to plant the seed.
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Planting The Seed.
Tlie seed selected was spring wheat. In each pot twenty-five 
seeds were planted, in  two regular concentric c irc le s , the inner 
c irc le  being one and a h a lf inches inside the outer c ir c le ,  and 
the outer c ir c le  one and a h a lf inches from the edge o f the pot.
In the inside c ir c le ,  eight seeds were planted; in the outside 
c ir c le ,  sixteen seeds were planted, and one kernel was planted 
in  the center o f the pot. A ll the planting was done on January 
2?, 1902. By February 5, the gemination was completed. On an 
average, about 85$ o f the seed gem inated. On February 20, they 
were thinned to f i f t e e n  plants to the pot.
Temperature.
. I
Vfb.eat being a coo-weather crop, i t  was deemed best to  keep 
the temperature in  the room coo l, but, however, su ffic ien tly  warm 
to allow the proper growth of the plants. Accordingly, during 
the cold months, the temperature was, in  the day-time, maintained
between 60° and 65° F ., and the night temperature between 50° and• _ '
55°. As spring advanced, these temperatures were gradually allow­
ed to r ise , until f in a l ly  the inside temperature was the same as * 
the outside.
2?
Watering.
Before the seeds were planted the s o il in  ©acli pot was 
thoroughly wetted. A fte r  tlie plants came np and un til tlie middle 
o f February eacli pot received on an average about 600 cubic centi­
meters o f water a week. They were watered twice a week. I f  
one pot, however, seemed dryer than the res t, more water than 
the usual allowance was given. The idea in  view was to keep in 
each pot about the same degree o f moisture. A fte r  the middle 
o f February,the plants becoming larger and suhny days becoming 
more numerous, the plants were watered three times a week, re ­
ceiving at each application 300 c .c . o f water. Beginning the 
la tte r  part o f March, the plants which showed heavy growth were 
watered da ily  with about 500 c .c . water; those plants making 
but l i t t l e  growth received water but three times a week, or 
about 600 c.c* The water used was good c is tern  water.
Light.
The pots were arranged, as w ell as possib le, to exclude 
errors which may be caused by an unequal amount o f sunshine.
During hot days o f March, a whitewash shade was spread over 
the roo f, thus preventing too much d irect sunlight.
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Growth and Development of tlie Plants.
I t  was thought desirable to keep the records o f the plants 
by photographs as far as possib le, supplemented by measurements 
o f the height, and by noting the color o f the plants.
Accordingly, on March ?, when the f i r s t  marked d ifference in 
the growth o f plants in  the various pots was p la in ly  seen, photo­
graphs o f the whole series'* of each o f the four f ie ld s  were made. 
The d ifferences in  the growth of the plants is  eas ily  seen. In 
F ie ld  A, the plants in  the pot containing the v irg in  so il stands 
out much more prominently than do any of the plants in  the other 
pots. Pot 2 is  a l i t t l e  better than Pot 1. Pot 3 has a much 
better growth than either Pots 1 or 2. Pots 4, 5, and 8 seem 
but l i t t l e  better than Pot 2, while Pots 6, ?, 9, and 10 show up 
quite prominently. Observing now the nature o f the f e r t i l i z in g  
elenients added to the so ils  in  which the plants are growing best, 
i t  w i l l  be seen that nitrogen seems to be the element that is  
doing the work, Pot 8, fo r  example, contains a ll  the elements 
o f f e r t i l i t y  except nitrogen, yet the growth o f the plants shows 
that such elements without nitrogen is  but l i t t l e  more e ffe c t iv e
Note. Series means the 10 pots, including the v irg in  pot.
jhecks.
A
Pots 11 and 12 are not included because they were used simply as
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than when no element of f e r t i l i t y  is  added (Pot 1). Closer 
observance w i l l  notice a quite marked d ifference between Pots 9 
and 10. Here, Pot 10 seems to lack something o f the growth 
characteristic o f the nitrogen fe r t i l iz e d  s o ils , yet th is  pot 
contains as much nitrogen as does Pot 9. Lime (Ca 0 ), however, 
is  not added to Pot 10, while in  a ll other cases lime was added 
with the nitrogen* So i t  would seem that lime also has a benefit 
c ia l e ffe c t on plant growth in  th is  so il i f  nitrogen is  also 
applied. Referring back to the acid test o f F ield  A, we find
i t  takes a good deal o f lime to correct the-acid ity  o f th is s o il;
hence, the benefic ia l action.
Leaving now F ie ld  A, to study the photograph of F ie ld  B 
taken on the same day as was the one previously discussed, the 
f i r s t  thing we observe is the s tr ik in g  d ifference in  the growth 
of the plants when compared with those o f F ield  A. In F ie ld  B 
the poorest growing plants seem to be nearly as good as the best 
ones o f F ield  A. Yet, even in  th is f ie ld ,  the same strik ing 
d ifferences in the growth o f the plants in  the pots containing
nitrogen, when compared with the plants in  the pots not receiv ing
nitrogen, is  p la in ly  observed. Compare, fo r  example, Pots 3 
and 4, or Pots 6 and 8. The d ifference in the growth is  just as 
strik ing as is  the d ifference between Pots 3 and 4, or pots 6 and
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8 o f F ield  A* In tlie case of Pots 9 and 10 of F ie ld  B we do not 
see the remarkable d ifference as noted in  Pots 9 and 10 o f F ield  
A* Indeed, in F ield  B Pot 10 seems a l i t t l e  better than Pot 9. 
Referring now to the acid test o f F ie ld  B, we find  that the s o il 
requires but l i t t l e  lime to correct the ac id ity , scarcely one- 
seventh as much lime is  needed in  the s o il o f F ie ld  B as is  needed 
by the s o il o f F ie ld  A.
Turning now to F ie ld  C, i t  w ill be seen that the plants in
th is f i e ld  seem to make poorer growth than the plants o f F ields
*
A or B. In th is f ie ld  something very d iffe ren t than anything 
yet presented appears. Notice, fo r  instance, Pots 3 and 4 o f 
th is f ie ld .  Compare with Pots 3 and 4 of either the other 
f ie ld s . I t  appears that the good work that an application o f 
nitrogen did fo r  F ie ld  A or B is found wanting in  the case o f 
F ie ld  C. Observe Pot 4; i t  contains phosphorus. Look at
Pots 6, 8, 9 and 10; a l l  these contain phosphorus. Now compare
'
these pots containing phosphorus w ith those pots not containing 
phosphorus. I t  appears in  th is case that phosphorus is  the 
element that is  aiding the plants in the pots which contain 
phosphorus to make a better showing than do the other plants. 
Nitrogen in the case o f F ield  C seems in e ffe c t iv e  at th is time.
In F ield  D just about the same thing is  true as was said in
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the case ox F ie ld  A. Nitrogen here is  very e ffe c t iv e , 
seems to aid when nitrogen is  present.
Lime
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On April 1 each f ie ld  was again photographed. Tins time 
not to show any marked changes, but rather to show the rate o f 
growth. I t  has been just three weeks since the f i r s t  set o f 
photographs were taken. Below is  given the average height of 
the plants when the f i r s t  set o f pictures was taken, and the 
height when th is  set, three weeks la te r , was taken.
F ie ld  A. Height March ?. Height April 1.
V 0 13 inches 1? inches
1 0 5 tt ? ft
2 L ? ft 8 tt
3 L N 12 tf 20 »
4 L P ? It 8 ft
5 L K ? tt 8 ft
6 L H P 12 ft 22 tt
? L N K 12 «l 20 »t
3 L P K 6 tf 8 „
9 L N P K 12 ft 22 ft
10 I P K 10 tt 20 ft
The sign ifican t point to be noticed here is the rapid growth
o f the plants in  the pots containing nitrogen, and the extremely 
slow growth of the plants in  the pot containing no nitrogen. The 
photograph shows th is  fact as p la in ly  as do the measurements.
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Tlie measured heights o f the plants in F ie ld  B on March 7 and 
A p ril 1 are as fo llow s:
F ie ld B. Height March 7. Height A pril 1
V 0 14 inches 18 inches
1 0 7 '* 9 "
2 L 9 " 9 "
3 L N 14 » 20 »
4 L P 9 " 9 "
5 L K 9 " 9 "
6 L N P 14 " 22 "
7 L I K 14 " 20 "
8 L P K 10 " 10 "
9 L N P K 15 " 22 "
10 L P K 15 " 22 "
The point here to observe is  the apparent lack o f growth o f
the plants in the pots not receiving nitrogen. Comparing the 
photographs i t  is  eas ily  seen that the plants in  the pots rece iv ­
ing no nitrogen have made but l i t t l e  growth.
Turning now to F ie ld  C, the photograph taken on A pril 1 
seems to show something a l i t t l e  d iffe ren t from what appeared 
the last time the photograph of th is f ie ld  was taken. Now
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apparently Pot No. 4, which in  the. last photograph showed up so 
w e ll, seems to be but l i t t l e  better than. Pot 3 or even Pot 2. Pot 
8, which contains Phosphorus and Potash but no nitrogen, is  not 
nearly so good as is  Pot 6 which contains nitrogen and phosphorus. 
Neither is  Pot 7 as good as Pot 6. I t  seems now that nitrogen
must be applied with phosphorus fo r  the best resu lts , and also 
lime is  of great help, as evidenced by the growth o f the plants in 
Pot 9 as compared with those in  Pot 10.
The height o f the plants in th is f ie ld  measured on March 
and April 1, as fo llow s:
F ie ld  C Height March ?. Hei ght April
Y 0 14 inches 14 inches
1 0 6 ff 10 ff
2 L 7 ff 11 ff
3 L N 7 It 14 ff
4 L P 9 ff 14 ff
5 L K 6 ft 11 ff
6 L N P 10 ff 16 ff
7 L N K 6 ft 14 ff
8 L P K 10 ff 14 ff
9 L N P K 11 ff 16 ff
10 N P K 7 ff 14 ff
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Here i t w il l  be observed that the pots rece iv ing lime., n i-
trogen and phosphorus are the most advanced.
F ie ld  D represents nearly the same condition as did F ie ld  A.
The height of the plants on March and ,«p ril 1 was as fo llow s:
F ie ld  D Height March Height Apri 1 1.
V 14 inches 14 inches
1 0 6 w 10 ff
2 L 7 ft 11 ft
3 L N 11 ft
**
14 ft
4 L P 7 ft 14 ft
5 L K 7 ft 11 ft
6 L ii P 12 tl 16 ft
7 L If K 12 ft 14 f»
8 L P N 7 ft 14 ft
9 L H P K 14 ft 16 ff
10 N P K 14 ft 14 ft
Here the pots receiving a nitrogen f e r t i l i z e r  show evidence 
o f the fact by a fa i r ly  rapid and continuous growth.
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On A pril 19 pictures were again taken of each series o f 
f ie ld s . At th is  time the plants had grown to such a height that 
i t  was thought desirable to put stakes in  the pots and wrap a 
cord string around them. This aided greatly  in  holding the 
plants up.
In F ield  A at th is  time there is  nothing further to bring 
out. The same remarkable growth that characterized the plants 
in  the nitrogen pots, as shown by the two previous photograps o f 
th is  series, s t i l l  obtains. Further, the benefic ia l e ffe c t o f 
lime oh the s o il o f th is f ie ld  is p la in ly  evidenced by the growth 
o f the plants in Pots 9 and 10. This was also p la in ly  shown both 
by the two previous pictures o f th is  f ie ld  and also by the acid 
te s t. The culture experiment here corroborates the acid te s t.
F ield  B presents but l i t t l e  re la t iv e  d ifference compared 
with the same f i e ld  when the previous pilotograph was taken. Here 
lime seems to have but l i t t l e  beneficia l e ffe c t - i t  showed but 
l i t t l e  e ffe c t  in the previous pictures - and reference to the 
results of the acid test shows that the so il was only very 
s lig h t ly  acid. One cannot f a i l  to notice, however, the d i f fe r ­
ence in  the rate of growth of th is  f ie ld  at the present time 
compared with growth ea r lie r  in  the season. It  w il l  be reca lled  
that th is f i e ld  presented on March ? a much more marked growth
■than any of tlie other f ie ld s .  On A pril 1 th is  f ie ld ,  -while 
some better than the others, presented not nearly so marked a 
d ifference as existed on March ?, while on .April 19 th is f ie ld  
does not show up any better than either F ie ld  a  or F ie ld  D.
F ie ld  C now presents such a marked d ifference from that 
shown in  previous photographs o f th is f ie ld  that i t  may be well 
to review some o f the points shown in the growth o f the plants 
in  th is f ie ld *  On March ?, when the f i r s t  photograph was taken, 
only the plants in  the pots containing phosphorus showed much o f 
a growth. Phosphorus alone at th is time showed up as w ell as 
when either nitrogen or potassium, or both, were added in con­
nection w ith phosphorus. On A pril 1 nitrogen when added with 
phosphorus showed a very marked beneficia l e f fe c t .  Lime was 
also beneficia l when added with both phosphorus and nitrogen.
Now, on A pril 19, nitrogen without phosphorus is  seen to be some­
what b en e fic ia l, but i t  is  not un til used in  connection with both 
phosphorus and lime that the most benefic ia l e ffe c t o f nitrogen 
is  made evident. This is  w ell illu s tra ted  by pots 6 and ?, 9 
and lu. Pot ?, which contains potassium with nitrogen and lime, 
is  seen to be but l i t t l e  better than Pot 3 which contains only 
lime and nitrogen; while Pot 6, which contains phosphorus with
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nitrogen and lime, is  p la in ly  much better than Pot ?. Ilie bene­
f ic ia l  e ffe c t o f lime is  noticed in  Pot 9 as compared with. Pot 
10. The non-effect o f phosphorus without nitrogen is  now 
evident. I t  is  w e ll illu s tra ted  by Pots 8 and 4 compared with 
any of the nitrogen-phosphorus pots.
The plants at th is  time, A p ril 19, had attained the height 
as indicated in  the fo llow ing tab le:
Height o f Plants April 19.
Pot F ie ld  A F ield  B Field  C F ield  D
V 0 23 inches 23 inches 18 inches 18 inches
1 0 16 inches 16 inches 18 inches 10 inches
2 L 16 inches 16 inches 18 inches 10 inches
3 L I 25 inches 27 inches 19 inches 27 inches
4 L P 16 inches 16 inches 18 inches 10 inches
5 L xv 16 inches 16 inches 18 inches 10 inches
6 L H P 2? inches 30 inches 24 inches 28 inches
7 L H K 27 inches 30 inches 20 inches 28 inches
8 L P K 16 inches 16 inches 18 inches 18 indies
9 L H P K 27 inches 30 inches 24 inches 30 inches
10 H P K 25 inches 30 inches 20 inches 28 inches
In each case, Pots 11 and 12 were p ra c tica lly  the same as
Pot 1

/])S
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By May 11 the plants had attained th eir fu l l  height and 
were fu lly  headed out. Pictures were taken at th is  time to 
show the fu ll  height. Nothing hardly remains to he said con­
cerning the growth of the plants in any o f the f ie ld s .
The height o f the plants at this time is  as fo llow s:
Height o f Plants May 11.
Pot
- - - - - Q ■
P ie ld  A P ie ld  B P ie ld  C P ie ld  D
V 0 46 inches 48 inches 30 inches 36 inches
1 0 25 inches 30 inches 30 inches 34 inches
2 L 25 inches 30 inches 30 inches 24 inches
3 L I 52 inches 52 inches 46 inches 52 inches
4 L P 25 inches 30 inches 30 inches 24 inches
5 L K 25 inches 30 inches 30 inches 24 inches
6 L N P 54 inches 52 inches 50 inches 52 inches
? L N K 54 inches 54 inches 46 inches 52 inches
8 L P K 25 inches 30 inches 30 inches 24 inches
9 L H P K 52 inches 54 inches 52 inches 52 inches
10 H P K 48 inches 54 inches 52 inches 52 inches
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By June 20 th a ll o f the plants had “been cut, and photographs 
o f the plants o f each f ie ld  taken immediately a fte r  being cut.
The negative from f ie ld  C, however, was lo s t. The plants were 
then allowed to dry somewhat, then the kernels shelled out, and 
afterwards allowed to completely a ir  dry. Both the kernels and 
the straw were then weighed.
The weights were as follow s:
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Photograph taken immediately a fte r  being cut
K 1 A® || f . P | | l k |I LNI> |
50
Field A.
Weight Per Pot.
Pot Humber Heads Wt. Kernels-Grams Wt. Straw - Grams
V - 0 34 24.4 35
1 - 0 16 3.0 6
2 - L 19 3.85 6
3 - LIT 40 26.00 62
4 - LP 16 3.25 6
5 - LK 16 3.25 ?
6 - LHP 46 34. 00 ?9
? - LHK 3? 32.80 ?3
8 - LPK 16 2.0? 6
9 - LHPK 43 34.40 ?9
10 - HPK 30 30.60 5?
1 1 - 0 18 3.00 6
1 2 - 0 16 3.40 6
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F ie ld  a,
Height Per Pot.
52
Pot Number Heads Wt. Kernels - Grams ¥ t. Straw - Grams
V - 0 25 24.8 32
1 - 0 16 4.1 9
2 - L 15 4.2 9
3 -.LIT 41 29.3 6?
4 - LP 16 3.8 . 9
5 - LK 15 2.8 ?
6 - LNP 42 31.15 64
7 - LNK 40 34.2 75
8 - LPK 18 3.45 9
9 - LNPK 41 33.3 65
10 - NPK ' 45 38.3 7 5
1 1 - 0 15 4.6 8
1 2 - 0 1? 5.3 9
Photograph. Taken Immediately A fte r  Being Cut
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F ie ld  D. 
Weight Per Pot.
Pot Humber Heads Ft. Kernels - « r  arris F t. Straw - Grams
Y - 0 26 13.95 2?
1 - 0 15 2.1 5
2 - 0 1? 2.3 6
S5CO 44 31.6 62
4 - LP 15 3.05 6
5 - LK 16 2.50 5
6 - LKP 40 2?.? 60
? - LHK 42 3?.? 68
8 - LPa 16 2.2 6
9 - LNPK 48 38.2 80
10 - HPK 42 3?. 2 61
1 1 - 0 16 2.6 4
1 2 - 0 1? 2.3 4.5
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SUMMARY AND CONCLUSIONS.
The object o f the work was to ascertain what element or 
elements of plant food had suffered most by the system o f farming 
practiced on certa in  farms of Pulaski County; also to ascertain 
what element or elements o f plant food must be added to the so il 
to make i t  normally productive.
The plan o f the work was to select samples o f s o il from 
four o f the oldest cu ltivated  h i l l  so ils  east o f Pulaski, I l l in o is
xhese samples were subjected to both chemical analysis and 
to pot culture tests .
The chemical analysis o f each o f the soi ls  showed that 
nitrogen was markedly d e fic ien t. The chemical analysis o f  the 
soi l s  showed that a ll except Fie ld C contained a fa ir  amount o f 
phosphoric oxid, and a ll the so ils  showed an abundance o f potash.
The pot culture tests showed that in  every case an applica­
tion  o f nitrogen was markedly b en e fic ia l, that an application o f 
other elements o f f e r t i l i t y  without nitrogen was useless.
From a study o f the chemical analysis o f the soi l s  and the 
pot culture work, i t  is  evident that the system o f farming as 
practiced on these soi l s  has caused the nitrogen content o f the 
so ils  to su ffer most, and that applications o f nitrogenous fe r ­
t i l i z e r s ,  either in  the form o f commercial fe r t i l i z e r s  or added
by the growing o f legume crops, w i l l  make the so il normally 
productive.
